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Abstract particular choice of model parameters we used for the sec-
ry electron emission yield and emi lectron ener

We present an update of our results for the electron—clouocj1da y electron emission yield and emitted electron energy

Spectrum. Although these two sets of model parameters

.t:glg;:p ;Orei(iaf\i/gﬁll ngrsg\?j rﬂ%ﬁgﬁﬁ?‘;groﬁe tglicsrlg\gere extracted from various bench measurements, we do
J - 9P Y P .not know whether they correspond to the actual materials

that are used, or will be used, in the actual vacuum cham-
bers of the machines. Therefore, these secondary emission
models would have to be validated by hew measurements

ulations with ever smaller values df¢ until we reached . ' .
stable results, indicating numerical convergence: this wal order to confirm the clear advantage of copper over stain-
' ' ss steel seen in Fig. 3.

achieved at 200-500 slices per bunch, depending on t eFig. 4 shows the heat load, after convergence has been

particular case. In all cases exam_med, .th? §|mu|ated her%%lched, for the cases PS50 and PS75. This should be com-
load decreases monotonically, until the limit is reached, as

At decreases in the range explored, hence the stable resgﬁlsred W.'th Fig. 4 of Ref. L. Figs. .5' 6 an.d ! presept similar
S .~ comparisons for various competing options considered for
are more favorable via-vis the heat load than the previous

. ) the SPS (to be compared with Figs. 6, 7 and 8 of Ref. 1,
ones. This is particularly true for a bunch spacipg= 25 . . o .
ns respectively). In general, there is no qualitative difference

between the options except possiblyat 25 ns.

of numerical convergence of the simulations &isis the
integration time stepAt. We repeated most of the sim-

SUMMARY AND RESULTS DISCUSSION

All assumptions for the simulation, physical parameters |, the range of values for the integration step sizewe
and notation are described in [1], particularly Table | whicthaye explored 4t = (1 — 30) x 10~ s) we have seen
we reproduce below. In this update we consider only th@at the simulated heat load decreases monotonically, until
PS and SPS upgrades, not the LHC proper. We have not efimit is reached, ad\¢ decreases. We conclude that the
examined any cases with bunch spading- 12.5 ns. The  previous results, while not accurate, at least had the value
only parameter that is varied here is the integration timgf representing an upper limit for the estimated heat load.
step At; all other parameters remain as specified in [1lrne Jargest fractional decrease of the heat load is seen for
In particular, we have examined the build-up of the eclougb = 25 ns. The previously seen inverse relationship that
only in a dipole bending magnet for each machine, at #e neat load has with the bunch spacing is maintained by
magnetic fieldB corresponding to the specified beam enthe new results. In addition to the heat load, we have also
ergy £y, for the first batch injected into an empty chambegomputed other quantities such as electron density (global
(2 pis long, including the gap after the bunch train). Weyng close to the beam), ecloud average energy per electron,
have not examined any other regions of the machine, n@fectron-wall impact energy, and electron flux at the cham-

any effects from the ecloud on the beam. ber walls. A spreadsheet with all such results is available
Figs. 1 and 2 show the approach to numerical convefmpon request.

gence of the heat load for the PS50 and PS75, respectively,
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Table 1: Basic simulation input parameters.

E, B (a,b) ty o, profile

Case Our notation GeV T cm 10 ns cm -
PS2, 50 GeV extr. PS50th12p5 50 1.8 (8,4) 125 (1,0.9) 57.3 gauss.
PS50th25 50 1.8 (8,4) 25 (1,0.9) 93.5 gauss.

PS50th50 50 1.8 (8,4 50 (1,0.9) 104 flat

PS50th75 50 1.8 (8,4 75  (1,0.9) 104 flat
PS+, 75 GeV extr. PS75tb12p5 75 2.7 (8,4) 125 (0.8,0.8) 50.5 gauss.
PS75th25 75 2.7 (8,4) 25 (0.8,0.8) 83.5 gauss.

PS75th50 75 2.7 (8,4) 50 (0.8,0.8) 92.3 flat

PS75th75 75 2.7 (8,4) 75 (0.8,0.8) 92.3 flat
SPS, 50 GeV inj. SPS50th12p5 50 0.225(7,2.2) 125 (3.1,1.6) 14.3 gauss.
SPS50th25 50 0.225 (7,2.2) 25 (2.8,1.6) 23.4 gauss.

SPS50th50 50 0.225 (7,2.2) 50 (3,1.6) 26.1 flat

SPS50th75 50 0.225 (7,2.2) 75 (3,1.6) 26.1 flat
SPS, 75 GeV inj. SPS75tb12p5 75 0.337 (7,2.2) 125 (2.4,1.3) 12.6 gauss.
SPS75th25 75 0.337 (7,2.2) 25 (2.1,1.3) 20.9 gauss.

SPS75tb50 75 0.337 (7,2.2) 50 (2.3,1.3) 23.1 flat

SPS75th75 75 0.337 (7,2.2) 75 (2.3,1.3) 231 flat
SPS, 450 GeV extr.  SPS450tb12p5 450 2.025(7,2.2) 125 (1.2,0.9) 12 gauss.
SPS450th25 450 2.025 (7,2.2) 25 (1,0.5) 12 gauss.

SPS450tb50 450 2.025 (7,2.2) 50 (1,0.5) 15 flat

SPS450th75 450 2.025 (7,2.2) 75  (1,0.5) 15 flat
SPS+, 1 TeV extr. SPS1000th12p5 1000 4.5 (6,2) 125 (0.5,0.4) 12 gauss.
SPS1000th25 1000 45 (6,2) 25 (0.6,0.4) 12 gauss.

SPS1000tb50 1000 45 (6,2) 50 (0.5,0.4) 15 flat

SPS1000th75 1000 45 (6,2) 75 (0.5,0.4) 15 flat
SPS+a, 50 GeV inj. SPSpa50tb12p5 50 0.225 (6,2) 125 (3.1,1.6) 14.3 gauss.
SPSpa50th25 50 0.225 (6,2) 25 (2.8,1.6) 23.4 gauss.

SPSpas50th50 50 0.225 (6,2) 50 (3,1.6) 26.1 flat

SPSpa50th75 50 0.225 (6,2) 75 (3,1.6) 26.1 flat
SPS+b, 75 GeV in|. SPSpb75tb12p5 75 0.337 (6,2) 125 (2.4,1.3) 12.6 gauss.
SPSpb75th25 75 0.337  (6,2) 25 (2.1,1.3) 20.9 gauss.

SPSpb75th50 75 0.337  (6,2) 50 (2.3,1.3) 23.1 flat

SPSpb75th75 75 0.337  (6,2) 75 (2.3,1.3) 231 flat
LHC nominal LHCnom 7000 8.39 (2.2,1.8) 25 (0.3,0.3) 7.55 gauss.
LHC ultimate LHCult 7000 8.39 (2.2,1.8) 25 (0.3,0.3) 7.55 gauss.
longer bunch LHCIb 7000 8.39 (2.2,1.8) 75 (0.3,0.3) 14.4 flat
longer bunch 2 LHClb2 7000  8.39(2.2,1.8) 50 (0.3,0.3) 14.4 flat
same except gaussian LHCIb2g 7000 8.3@2.2,1.8) 50 (0.3,0.3) 14.4 gauss.
shorter bunch LHCsb 7000 8.39(2.2,1.8) 125 (0.3,0.3) 3.78 gauss.
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Figure 1: Simulated ecloud heat load v§,,., for case Figure 2: Simulated ecloud heat load v§,,,, for case
PS50 (“PS2"), fort, = 25 ns (top),t, = 50 ns (center) PS75 (“PS+"), fort, = 25 ns (top),t, = 50 ns (center)
andt, = 75 ns (bottom), for various values of the numberandt, = 75 ns (bottom), for various values of the number
of kicks per bunch lengtlv,. For the highest value d¥;,  of kicks per bunch lengtlv,. For the highest value a¥
usedAt has the values.56 x 107! s (top),2.68 x 107! used,At has the value8.79 x 10~ !! s (top),2.38 x 101!

s (center) and.36 x 10! s (bottom). s (center) and.95 x 10! s (bottom).
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Figure 3: Simulated PS ecloud heat load &g, for case Figure 5: Simulated SPS ecloud heat load Vg,., for
PS50, for copper and stainless steel chamber. The basic dikses SPS50 and SPSpa50. The only difference between
ference in the calculation for the two cases is the secondaitye calculation for these two cases is the transverse cham-

emission energy spectrum of the two metals. ber size (slightly smaller for the SPSpa50).
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Figure 4: Simulated PS ecloud heat load &, for case F19uré 6: Simulated SPS ecloud heat load V§,a for
PS50 and PS75 (“PS2" and “PS+" in “psplusetcparamé:-ases SPS75 and SPSpb75. The only difference between
ters,” respectively). the calculation for these two cases is the transverse cham-

ber size (slightly smaller for the SPSpb75).
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Figure 7: Simulated SPS ecloud heat loadds., for F, = 450 GeV andE;, = 1 TeV.



